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Abstract 
 
The air inlet system should be designed to provide the maximum possible total pressure at the 
air inlet screen over a wide range of normal flight conditions. Efficient ram pressure recovery at the 
engine air inlet is required to obtain maximum power levels and low specific fuel consumption. In 
addition, the air intake design also involves the incorporation of a certified Ice Protection System 
(IPS) to protect against icing conditions and Foreign Object Damage (FOD). The IPS works on the 
principle of accelerating the flow within the duct in the presence of ice particles and utilizing the 
higher inertia of the particles, eject the particles through the bypass duct. An inertial separator vane 
is deployed inside the duct for the actuated (icing) and non-actuated (non-icing) position for 
achieving this. The authors have designed a mechanism to deploy air intake vane door downwards 
and open the bypass door simultaneously and vice-versa during icing conditions thereby preventing 
damage to the engine, without degrading air intake efficiency beyond prescribed operating limits. 
Precise functioning of this mechanism is critical to the flight operation as it controls the engine main 
air intake mass flow. Fail safe design has been incorporated in the mechanism to ensure 
uninterrupted engine operation for any flight condition. Further, the ground test results show the 
satisfactory operation of the mechanism during engine runs for both icing and non-icing (normal) 
conditions.  Also, it was noticed that at engine air intake, mass flow rate is meeting the design 
requirements for each operation of the mechanism and hence proving the satisfactory operation of 
the actuator mechanism.  
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1 Introduction 
Efficient inlet performance can only be achieved through careful design of the entire inlet 
configuration to provide optimum velocity and pressure distributions under all operating 
conditions. In order to obtain maximum power levels and low specific fuel consumption, it 
is necessary to have an efficient ram pressure recovery at the engine air inlet. Further, to 
protect the engine during icing conditions besides the impact of FOD, a certified ice 
protection system (IPS) is to be incorporated in the air intake design. The IPS works on the 
principle of accelerating the flow within the duct in the presence of ice particles and by 
utilizing the higher inertia of the particles, eject the particles (instead of sucking into engine 
air intake) through a bypass duct. . This is achieved by deploying an inertial separator vane 
(placed inside the air intake duct) and opening of bypass door (placed inside the bypass 
duct) simultaneously (Normal and Icing condition) as shown in Fig. (1). 
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Figure 1: Air intake and bypass door position 
2 Design and Kinematic Analysis  
2.1 Preliminary design 
The geometry of IPS adopted dictates the design of actuator mechanism in the nacelle.  In 
this work, the IPS geometry selected was a proven geometry derived from icing tests on an 
icing tunnel and certified under Federal Aviation Regulations (FAR33).  Unlike the inlet 
and the diffuser which have influence only on performance, the inertial separator has an 
additional impact on the certification of the complete aircraft. Inertial separation is 
achieved by first accelerating and then turning the flow to the engine so that heavier 
particles by virtue of their greater momentum are deflected so that they harmlessly impinge 
on specific areas and discharged overboard through a suitable passage [1]. Smaller ice 
particles are harmlessly ingested by the engine. 
 
Fig. (2) shows the inertial separator configuration used in the air intake. The 
principle features of the separator are Vane No. 1, the Vane No. 1 trailing edge fairing, the 
shedder, the hopper, the hump and the bypass duct.  Vane No. 1 serves to accelerate the air 
and thereby increase momentum of the particles. The convergence angle must be chosen so 
that the impingement of super-cooled water droplets onto Vane No. 1 is minimized.  The 
Vane No. 1 trailing edge fairing serves to reduce the pressure losses of the system in the 
icing mode and can also be adapted as a fixed turning vane in non-icing mode. The shedder 
is a sheet metal structure located normal to Vane No. 2, and against which Vane No. 2 
seats during icing mode. Ice builds up on the shedder itself, shedding periodically.  This 
process maintains the separator geometry during the period of an icing encounter and 
avoids large non-uniform ice accumulation on Vane No. 2.  The height of the shedder is 
critical as it defines the capacity of the hopper.  The bypass duct provides a means for the 
separated particles to be returned to the free stream.  
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Figure 2: Typical Inertial separator configuration 
2.1.1 Vane actuation 
Vanes No. 1 (or air intake door) and No. 2 (or bypass door) are actuated by an electrically 
actuated jack to operate the doors simultaneously ensuring the adequacy for the aircraft 
flight envelope.  
 
2.2 Mechanism and structural design 
The engine air intake mechanism has a total of seven joints viz., 1 prismatic and 6 revolute 
joint [2] as shown in Fig. (3). Electrical actuator is mounted on a rigid structure in the 
nacelle Vanes No. 1 and No. 2 actuated by a single electrical actuator and Fig. (5) indicate 
the required angles for movement of doors are 14.2° and 52.7° respectively and Fig. (4) 
shows the actuator in extended position. This combined angular movement is achieved by a 
total displacement of 32mm. The kinematic analysis was carried out based on the initial 
layout of the air intake geometry as shown in Fig. (5). The parts included in the mechanism 
are listed in Table.1. 
Table 1: Parts of the air intake mechanism  
S.No. Part 
Description 
Quantity 
1 Links 1 
2 Levers 3 
3 Flanged Bush 4 
4 Actuator 1 
9th National Symposium and Exhibition on Aerospace and Related Mechanisms (ARMS 2015) 
ISRO Satellite Centre, Bengaluru, India, January 30-31, 2015  
ARMS-2015-038 
 
 
 
 
Figure 3: Actuator in retracted position (Air intake fully open and bypass door closed) 
 
 
 
Figure 4: Actuator in extended position (Vane deployed and bypass door open) 
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Figure 5: Inertial separator scheme 
 
2.2.1 Selection of actuator and its qualification 
For selection of a suitable actuator, the actuator qualification tests according to RTCA DO 
160C and Acceptance Test Procedure (ATP) were carried out.  Subsequently, a light 
weight airworthy actuator passing all the above test requirements was selected for the 
study. Table.2 gives the specifications of the selected actuator. 
 
Table 2: Actuator Specification  
S.No. Major Specifications  
 
 
Figure 6: Typical electrical actuator 
 
Brushless motor driven by built-in 
electronics. Stop by electro-dynamic 
braking on end of stroke switches. 
1 V : 28 V DC 
 Current: 0.45 A 
2 Load: 4218 N (430 Kg) 
3 Speed: 1.25 mm/s 
4 Altitude: Up to 12Km 
5 Stroke: 32 mm ±0.2mm 
6 Weight: 0.32 kg(3.1 N) 
7 Dimensions: 136x 78 x 30 mm 
8 Ambient temperature: -55 to +150°C 
9 Sealed unit 
 
2.2.2 Kinematic analysis 
The validation of the kinematic mechanism was deduced from the initial 2D kinematic 
layout using CATIA v5 software [3]. The movements of links in the form of lines and 
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circles were traced as a part of the conceptual design.  The corresponding 3D cad models 
were imported into the 3D kinematic mechanism for simulation. The mechanism comprises 
of a single prismatic and six revolute joints and its definition is complete when the degrees 
of freedom is made zero with the kinematic input command of 32mm representing the 
stroke length of the actuator. Table 3 shows the details of the mechanism definition in 
CATIA and Table 4 shows the mechanism simulation results. The simulation of the 
mechanism was studied and verified in the real time digital mock-up (DMU) environment 
ensuring its validation. 
Table 3: Details of mechanism analysis  
 
Table 4: Mechanism simulation results  
RotateJt.#1,  
Deg 
Prismatic 
Jt.#2(mm) 
RotateJt.#3, 
Deg 
RotateJt.#4,  
Deg 
RotateJt.#5, 
Deg 
RotateJt.#6, 
Deg 
RotateJt.#7, 
Deg 
-6.48E-06 0 0 0 -0.00130179 -0.00478511 0.00481706 
0.0201415 4 -1.74297 1.76312 -1.73483 -6.27302 6.30265 
0.0941886 8 -3.4334 3.52759 -3.49384 -12.4806 12.5156 
0.217418 12 -5.07749 5.29491 -5.27904 -18.7014 18.7186 
0.385783 16 -6.68066 7.06645 -7.09216 -25.0089 24.9846 
0.595796 20 -8.2477 8.8435 -8.93606 -31.4843 31.3931 
0.844449 24 -9.78286 10.6273 -10.8151 -38.2271 38.0407 
1.12914 28 -11.2899 12.4191 -12.7358 -45.3733 45.0579 
1.44761 32 -12.7724 14.22 -14.7087 -53.131 52.6436 
2.2.3 Structural design 
The main components of the actuator mechanism assembly are inertial separator vane, 
shaft inboard and outboard, link assembly, bypass door assembly, bearing assembly, fixing 
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bracket and fork bracket assembly.  Individual component level analysis has been carried 
out using conventional strength of materials (SOM) approach to check the design adequacy 
of actuator mechanism.  The maximum actuator capacity of 430 kg is considered for 
analysis.  Inertial vane and reinforcement plate are analysed for 2psi (13789.5 N/m2) 
pressure load.  Tubes, shafts, bearing assembly, fork bracket and fixing bracket are 
analysed for the reactions received from the vanes and inertial separator door in addition to 
the actuator loading. 
All the structural parts, actuator and its mechanism parts were assembled in sub-
assembly jigs.  These sub-assemblies were integrated in the nacelle main assembly jig to 
carry out the functional checks.  After functional check, nacelle main assembly was 
integrated with aircraft’s fuselage and became the part of flying aircraft Fig. (7) & (8). 
 
 
Figure 7: Nacelle air intake assembly on aircraft 
 
 
Figure 8: View showing vanes in normal (non-icing) condition 
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3 Test Results 
Tests were conducted for the critical case i.e. hot day ground static condition. Complete 
instrumentation was done to capture the engine main parameters and mass flow parameters. 
From the data obtained from engine instrumentation, the engine mass flow rate and intake 
pressure loss were calculated and the same is tabulated in Table 5. The intake pressure loss 
obtained clearly shows that the air intake design during normal and icing positions meets 
the engine mass flow requirements thus the mechanism design is efficient. Table 6 shows 
the engine main parameters measured in the same condition(s) and the engine performance 
parameters are in good agreement with the predicted values from the engine deck thus, the 
actuator mechanism is functioning as per the design. 
Table 5: Engine ground run results. 
Test Condition: Hot day ground static, 60% Engine Torque. 
Air Intake parameters LH Engine RH Engine 
Icing Normal Icing Normal 
Dynamic Pressure, psi(N/m2) 0.169(1165.2) 0.247(1703) 0.168(1158.3) 0.243(1675.4) 
Static Pressure, psi(N/m2) 13.1(90321.3) 13.3(91700.7) 13.1(90321.3) 13.09(90252.3) 
Screen Total Pr., psi(N/m2) 12.7(87563.4) 12.9(88942.3) 12.8(88252.9) 13(89631.8) 
Mass flow rate, m˚, Lb/s (Kg/s) 6.503  
(2.94) 
7.86  
(3.56) 
6.48  
(2.93) 
7.79   
(3.55) 
Intake Pressure loss, % 
(Typical Inlet pressure loss for 
most applications is 0-2%) 
1.29% 1.85% 1.28% 1.85% 
 
Table 6: Measured engine main parameter at normal and icing positions. 
Engine 
parameters 
Measured parameters Expected values as per 
engine Deck Programme 
 
LH 
Normal 
LH  
Icing 
RH 
Normal 
RH  
Icing 
Normal 
Position 
Icing Position 
(Position 
Relative to 
normal 
position) 
Torque, % 61 55.4 60.5 54.5 60% ~5-8 drop% 
ITT, °C 765 778 760 775 750 - 
780°C 
10-15° rise 
Ng, % 96 94.8 96.5 95.0 95 – 97% 1 to 1.5% Ng 
Drop 
Np, % 100.5 100.5 100 100 100% ± 
1% 
No change 
Oil Pr, 
psi(N/m2) 
122 
(841160.4) 
122 
(841160.4) 
110 
(758 423.3) 
110 
(758 423.3) 
110 – 120 
(758423.3-
827 370.8) 
No change 
Oil Temp, °C 86 86 92 92 90°C No change 
Fuel Flow, 
Kg/Hr 
247 236 242.5 232.5 230 - 250 
kg/Hr 
~10 kg/Hr 
Drop 
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4 Conclusion 
From the experimental test results discussed in section 3, it can be seen that sufficient mass 
flow is being supplied to the engine for its satisfactory continuous operation, both in icing 
and normal position. Also the transition between the two positions was smooth during the 
operation of the actuator mechanism. In case of failure of actuator or related parts during 
flight, mechanism assumes a safe position which will not affect the engine operation for 
any given flight condition and this was substantiated by a failure analysis of cause(s) and 
effect(s). The actuator mechanism elucidated above in this paper found to work 
satisfactorily in the flight tests, when the flight envelope is expanded for the prototype 
aircraft to fly in the icing condition.  
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